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LEAF AREA RATIOS FOR SELECTED RANGELAND PLANT SPECIES 


Markt. Weltz!, Wilbert -H. Blackman 


? 
and J. Roger Simanton 


ABSTRACT.—Leaf area estimates are reqnired by: hydrologic, erosion, and growthicld simulation models and are 
important to the understanding of ual near interception, COz fixation, and the ene ray balance for native plant 


commnumities. Leaf biomass (g) to leaf area (min™ 


\ linear regression rel itiouships Ure ewaliitea als perennial grasses, 


12 shrubs, and I tree. The slope coefficient Ba) of the linear regre ssion equation is at ratio ie leaf arca to leaf biomass aud 


is defined as the leaf area ratio [LAR = one-sided leaf area GumVoven- -drv leaf weight (2) 


regression cqnation, where Y = BaiX?. Linear regression re lationships for leaf area were conte Lr 


“1A te pre sents Bo i in each 
= S$4—.9S" for all 


25 native range species after full leaf extension. Within-plant estimates of leaf area for mesquite (Prosopis glandulosa Torr. 


var. dandulosa [Torr.] Cockll.i or lime prickly ash (Zanthoxylum fagara | L.] Sarg.) were not significantly different | P< 


5 '. 


LARs for three of the shnaibs and the tree were established at four different phenologic ‘al stages. There were no significant 


dilferences (P< 


05) in LARs for lime prickly ash, mesquite, and Texas persimmon (Diospyros texand Scheele alter full 


leaf extension during the growing season. The LAR relationship for Texas persimmon changed significanth after full leaf 
eMension, LAR relationships for Texas colubrina (Colubrina texensis [T. & G.] Gray | changed in response to water stress. 


Key words: leaf arca index, drought response, leaf biomass. 


Eighty percent of the world’s rangeland is 
Pied as arid or semiarid (Branson et al. 
1951), i.e., precipitation is less a evapotrans- 
piration, Under these conditions water avail- 
ability is the most important environmental 
factor controlling plant production and survival 
(Brown 1977). Evapotranspiration (ET) is the 
major Component of the water balance and is 
estimated to account for 96% of annual precip- 
itation for rangeland ecosystems (Branson et al. 


19S]. Scone 1990). with surface runoff 


accounting for most of the remaining 4% 
Gifford 1975, Lauenroth and Sims 1976, Carl- 


son et al, 1990). 


Evapotranspiration has been measured for 


selected rangeland plant: communities with 
Ivsimeters and the Bowen ratio method (Wight 
1971, Hanson 1976, Gav and Fritschen 1979, 
Carlson etal. 1990). Estimates of ET for mimea- 


sured rangeland plant commnuimities arc usually 


simulated from hydrologic models (Lane et tal. 
1954, Wight 1986). For hydrologic simulation 
models to be biologic ally reammndal| improved 
methods of simulating evapotranspiration from 
rangeland plant conmanities are needed. Two 
Alierent approaches are currently being used. 
One approach Is to se a crop coe ‘fficient (Ke) 





(Wight 1986). Ke is defined as the ratio of actual 
evapotranspiration to evapotranspiration when 
water is nonlimiting. This empirical method is 
extremely difficult to parameterize for range- 
lands because water is often limiting and esti- 
mates of transpiration are confounded by soil 
water evaporation (Wight and Hansen 1990). 
Thus, Wight and idansen (1990) reported that 
ke valnes were not transferable across range 
sites. The second method is based on leaf area 
index (LAL) (Ritchie 1972). LAT is defined as the 
foliage area per unit land area (Watson 1947). 
The LAT method is more process-based than the 
Ke approach and has been successfully used in 
several rangeland hydrologic, erosion, and 
growtliAie ie simulation models Wight and 
Skiles 1987, Lane and Nearing 1989, Arnold et 
aul. L990). 

A limitation in natural 
niodels, like the Water Erosion Prediction Proj- 
ect (WEPP) (Lane and Nearing 1989), is in 
developing LAL coefficients for rangeland 
plants. LAT is difficult to measure because of the 
dronght-decidnous nature of certain shrubs, in 
which several evcles of leaf initiation and deto- 
liation oceur within a single growing season 


(Ganskopp and Miller 1956) ancl 


using resonrce 


1s 
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nimge sites. and soil scries of specics evaluated for Jeaf area to leaf biomass 





I rost- 
\Miean free 
ala & period 
Lae ation Range site (yn) (clays Soil series Soil famih 
Tombstone \Z Linney upland 356 239 Stronghold Coarse-loamy. mixed 
thermic, Ustollic Calciorthid 
Mecker, CO Clayey slopes 200 LSO Degater Clay, montmorillonitic. 
i inesic, Typic Caniborthid 
Sidnes, MEP Silt, 300 130 Vida Fine-loamy, mixed, Typic 
Argboroll 
Chickasha, OK Loa prairie 27 200 Grant Fine-silty, mixed. Udic 
Argiustoll 
(fhichasha. OK Kroded prairie 27 200 Eroded Fine-silty. mixed. dic 
Grant \reiustoll 
It. Supph. OK Dune 597 200 Pritt Sandy, mixed. thermic. 
Psamimentic Haplustalf 
Woodward. OK Shallow prairie 4 200 (Quinlan Loamy, mixed, therinic, 
shallow Typic U stochrept 
\hice. TN Fine sandy loam 1) 280 Niguel Fine, mixed, hyperthermic. 
Udic Paleustalf 
Sonor lL’ Shallow 609 240) Purves Fine-loamy, mixed, thermic. 


changes leaf size, shape, and/or thickness 
result water, nutrient. and chemical 
stresses (Cutler et al. L977. Curtis and Luchli 
19ST). Foliar surface area of irregular-shaped 
tree leaves las been estimated ly coating the 
leaves with amonolaver of glass be ‘ads and mea- 
suring displaceme rit ‘Thompson and Leyton 
1971) and by estimating from photographs 
Miller and Schultz 1987). Miller et al. (1987) 

estimated total stirface area of juniper foliage 


from 


from projected leal area determined from a leaf 


areca meter. Miller ct al. suggested this method 
nuiderestimated leaf area by 
overlap, Cregg (1992) reported that leaf area 
cold be satisfactorily estimated from 
weight or volume for Juniperus virginiana and 
| scoputorum, Wowever, leaf area rel: iionships 
differed by crown position and secd sonree. 
ni ipwood area, Stem diameter, tree he ight. 
Canopy area and: canopy volume have been 
correlated to total shimb biomass and leaf bio- 


mass Ludwig ct al. LOTS. Brown 1976. Ritten- 


1O% due to leat 


leat 


hose and Sneva LOTT. Whisenant and Burzlaff 


9G. Ganskopp and Miller 1986, Hughes et all 
Coy only a lew studies have esti- 
mated leaf area and 


~ dh contrast 


eM or rangeland plant 


Communities Golf 19835 Ganshopp and \hiller 


1OSG6. ancl Austey etal. 1992), 

An effective method is needed to HupProve 
1. AL estimates for natural resource models, One 
potential approach for lnproving 1 AL estimates 


Typic Calciustoll 





is with the leaf area ratio (LAR) method (Rad- 
ford 1967). LAR is defined as the ratio of leaf 
area per unit weight of plant material. The slope 
coefficient (Bu) of the linear regression equation 
is a ratio of leaf area to leaf biomass and is 
defined as the leafarea ratio [LAR = one-sided 
Jeal area Qaim aA en-drv leaf weight (g)]. LAR 
represents Bo each regression equation, 
where Y = By(X “ \T can ee calculated as the 
product of LAR ne live biomass per unit area. 
The objective of this study was to determine 
LAKs for selected rangeland specics. 


NTATERIALS AND ATETIIODS 


The study area included nine range sites m 
five states and was part of the USDA Water 
Erosion Prediction Project (WEPP) (Table 1). 
The dominant plants on each range site were 
evaluated. LARs for 15 grasses, 12 rales and 
| tree were developed (Table 2). Selected 
rangeland species were sampled once during 


the summer of LOST near Tombstone, Arizona: 
and in JOST near Meeker, Colorado: Sidney. 


Montana: Chickasha. Ft. Supply and Wood- 
ward, OMahoma: and Sonora, Texas, sites. Sea- 
sonal fluctuations in LAR for three shrubs and 
one tree were evaluated near Alice, Texas, in 
LOSS and 19SG6. 

For leafarea determination grass leaf biomass 
from 10 randomly located 0.2! ris quadrats was 
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TABLE 2. Location of study sites, sample dates. height class. number of samples, and species evaluated for leaf areca to 


leal biomass relationships. 





Height class (ue 


Sample 
date 


Location 


Tombstone, \Z Aug, 1983 6 6 
Aug. 1983 7. 
Ane. 1953 5 


Aug. 1985 lO 10 
\ug. 1983 [5 
\ug. 1983 ID 
June I9S; 10 
June 1987 10 


Meeker, CO 


sdney wil July 1987 10 
July 1987 10 
June LOST 10 
June [9S7 10 
June 196; LO 


June T9S7 10 
June 19ST 10) 


Chickasha, OK 


Chickasha. OK 


June [9ST 1) 
Ft. Supph, OK June 1987 10 
June 19S? 10 
June 19S7 10 
June L9S7 10 
June LOST 10) 


Woodward. OK 


Mice. TN Mav 1955 4 4 
Kuic. 19Se 2 
Nov. [955 eee 
[an eeseG (NA 
Apr. L9S6 22 
Mav 1985 5 ee, 
Mie 1985 3 3 
Now. L9S5 oo 
Jan. 1986 S 
Apr. 1986 ees 
May T9S5 Dw 
Rig. |9$5 ae. 
Nov. 1955 D “> 
Jan. 1956 D9 
\pr. 1986 So 
May 1985 5 ae. 
Aug. 1985 Se 
Nov. 1955 5 ee: 
Jan. 1986 NA 
Apr. [986 5 en) 


June 19ST 10 
June 1987 I) 
June 1987 10 


Sonora. TN 


in: : - 
No sample collected for deciduous shrubs and trees 


Q-] ]-2 2-3 3- 


te 


Iy fy 


C2 WI OS GS UI 


SS (IOI IG OU IS 


1 
— 


Iu to 


rte 


Iw lo 


Yt bo 


species 


Clommmnon rune 


Little leal sumac 
Tarbush 
Broont stakeweed 


Creosotebush 

Desert Zinnia 

Mariola 

Shadscale saltbush 
Wyoming big sagebrush 


Needle-and-thread 
Western wheatgrass 
lndiangrass 

Big blnestem 

Little bluestem 
Butfalograss 


Scientific name 


Rhus microphylla Vugelin. 

Flourensia cernua DC. 

Gutierrezia sarothvac 
Britt. & Rusby. 

Larrea tridentata (DC) Coville 

Zinnia pumila Grav 

Parthenium incanune LB, 

Atriplex confertifolia Vorr. & Frei. Wats. 

Artemisia tridentata subsp. 
wyomingensis Beetle & Young 

Stipa comata Trin. & Rupr. 

Agropyron smithii Rvdb. 

Sorghastram antans iL. Nash 

Andropogon gerardii Vitman 

Schizachyrium scoparium \MMichy. Nash 

Buchloe dactyloides ) Nutt. Engelin. 


Pursty) 


Seribners dichanthelinn: Dichantheliunt oligosauthes Schult. 


Sand paspalum 


Sand sagebrush 
Tall dropseed 
Sand lovegrass 
[airy grama 
Sidcoats Grama 
Ifonev mesquite 


Lime prickh ashi 


Texas colubrina 


“Texas persimmon 


White tridens 
Curly mesqnite 
Texas wintergrass 


Guild var seriducrianiim) Nash Gould 
Paspalum sctacewm \lichy. var. 
stramincum Nash DD. Banks 
Artemisia filifolia Torr. 
Sporobolus aspers Michx. Kunth 
Lrogrostis trichodes \Nutt.! Wood 
Boutcloua hirsuta Lag. 
Bouteloua curtipendula Mich. Torr. 
Prosopis glandulosa Torr. var. 
glandulosa (Yorr. Cockll. 


Zanthoxylum fagara 1. 


Sarg. 


Colubrina texensis T.& Go) Grav 


Diospyros fexana Scheele 


Tridens albescens Vasey ‘Woot. & Standl. 
Hilaria belangeria) Stend.) Nash 
Stipa leucotricha Trin. & Rupr. 
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Mean and standard error of leaf biomass and leaf area, and linear regression” model slope coefficients | LAR”) 


r}idne deaf area to leaf biomass for selected rangeland grasses and shrubs sampled atter tull leaf extension. 


Leal biomass 


DPCCIAS (@) 

(GRASSES 
Needle-and-thread a0 
Wester wheatgrass 2.0 
lictiangrass me 
Little bluestem a 
Big blnestem le 
Buttalo grass 1.5 
Scribners dichanthelium 3 
Sand paspaltun LS 
Tall dropseed 0.9 
Sand lovegrass QS 
Hain grama Hon 
Sideoats Grama (1.6 
White tridens OT 
Texas wintergrass 2 
Curly mesquite OS 


SHRUBS 
Desert zinia 1.6 
Mariola 
Broom snakewceed 
Little leat sumac 
Tarbush 
(treosotebush 
Sand sagebrush 
Shadseale saltbush 
Wroming big sagebrush 


“ 
Ut 


B) 
(| 


1) ces, 


. ~_ 
— 


SS 


GEO W Os GI YS US t 
Lo 


ow) 





SE Leaf area SE LAR - 
‘mm?) imme!) 

0.S0 3,050 900 1.040 9S 
0.33 5.760 902 cas i] 9S 
1.56 $2.670 [350 9,440 96 
0.38 28.130 4.710 10.7S0 o> 
O45 0 2213 lea SG 
22 6,520 L091 5.650 Oh. 
0.21 15.500 2.601 16,110 96 
2} 190 1.136 6.590 95 
O13 5,500 1.334 9.390) v9 
ie §.650 L353 11.380 oly 
0.13 4.360 769 5,590 Joho 
0).22 5.240 2530 10,210 aol 
0.16 JO) 1.007 9.530 9S 
().24 $.320 1.561 e720) ese, 
Q.15 2200) 925 6,620 99 
O10 9 440 3S0 3.700 ae 
0.40 19410 1.280 53.690 S4 
0.5] 11,160 2h) 2.700 96 
0.71 22.050 35 4.700 Ul 
1.00 23.30) 2058 6.100 Oi. 
0.19 16.790 910 3.660 S6 
0.5% 5,950 2 2.010 9S 
0.51 10,530 2 OAT 2.640 IS 
0.53 220) Zils 3,340 ae 





Vl area weight regressions were sigmubticant at Ps O05 
Leatarcarato LAR: represents Born cach regression where Y= Bad) 


used. Grass biomass ineach quadrat was clippe | 


to a 20-mnt stubble height and se parated ly 


species into live or deadlines es. Live leaves were 
placed in plastic bags on ice for later determina- 
tion of leaf area. The leaves were fattened and 
placed between clear plastic sheets and then 
processed throngh a leaf area meter. Leaf area 
was determined with a Li-Cor 3000° leaf area 
meter to the nearest Limi. The samples were 
then oven-dried at 60. C for three d: avs and div 
mass determined. 

To ensure that samples of shrubs and trees 
represented the fall range of size of plants pres- 
cnt. astrat ified random sampling procedure was 
used. Teight classes of 
chosen and plants were selecte ‘randomly from 

each class. \soa re es total number of pk its 
sampled \ ATT amiong species de pe nding upon 
ot pl: ut | ol ts “Pable 2 
\n open-ended cube 


the range ¢ 
250 nun onaside) was 


msec to sample shrub and tree leat biomass. The 


yee aed 


loan were arbitrarily 


sample cube was placed in an area considered 
representative of the entire canopy, and the 
leaves within the area were removed by hand. 
LARs were determined in the same manner as 
for grasses. 

Within-plant variability of LARs was evalu- 
ated for four mesquite trees and four line 
prickly ash shrubs in May 1985 near Alice, 
Texas. Fifteen sample cubes were randomly 
located and sampled from each of the four mes- 
quite trees. For the lime prickly ash shrubs 12 
sample cubes were harvested from each of the 
four shrubs. LAR was determined in the same 
manner as previously described. A one-way 
analy sis of Variance was used to test for differ- 
ences (P< .05) among the slopes of the regres- 
sion equations within plant canopy by species 

(Stecl and Torrie T9SO). Within- plant LARS 
were not significantly different for lime prickly 
ash and mesquite in May 1985, Based on these 
relationships, one sample per plant was utilized 
during the remainder of the study. 

Three shrubs, lime prickly ash, Texas per- 
sinmmon, and Texas colubrina, and one tree, 
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TABLE 4. Mean and standard error of leaf biomass and leaf area, and lincar regression’ model slope coelfigients LATS 
relating leat arca lo leaf biomass for selected rangeland shrubs and tree ona Hne sandy loan range sile near Alice. Texas. 





Leal biomass 
Lar) 
‘hey 


Species Date 





Lime prickly ash May 1985 17 
Aug. 1985 4.2 
Nov. 19$5 a0 
Jan. 1985 1 
Apr. L9SG 33 
Mesquite Mav 1985 G5 
Aug, 1985 core 
Nov. 1955 Be 
Jan. 1985 NAY 
Apr. 1956 6.4 
Texas persimmon Mav 1955 Re 
Mig. [Uap 4.1 
Nov. 1955 45 
Jan. 1956 4.6 
\pr. 1956 ey 
Texas colubrina Maw: 1955 4.9 
Aug. 1955 anu 
Nov, [9835 35 
Jan. 1956 NA 
\pr. 1986 st 


SIE Leaf ured Si LAR r 
(rhiin } (mim g 

0.73 15.150 ea S760 a! OY 
0.63 {0,330 1.530 S.730a 9S 
0.S9 43.560 1.460 bal YS 
0.76 fel 310) 450) SS70a YS 
0.65 52 7a) 1.5$0 5.690 a YS 
0) Me Dione!) 1.610 $.990 a IS 
0.64 56.040 L470 S.7S0 a OS 
0.70 45.460 Lalo $630 a YS 
0.S] 59,100 L170 9 290 a OS 
64 49.960 1 940 10.590 b YG 
0.65 tet) 1.7SO 10,360 b YS 
0.59 51.060 1.790 10.130b YS 
0.65 dU) } 900 10.020) YS 
0.69 64150 2 O70 12.660 a QT 
(Lis 55.070 2.020 10.310 b OS 
O.S9 57.010 1720 LO110b YS 
0.65 559.3580 2 O90 13.560 a YS 
eral ALGO 1.SSO0 10,2305 YS 








MM area’ Weight regressions were significant at P< 05 
‘Leafarea ratio LAR represents Ba in each regression, where Y = Bo X 


Par. uneters in the columms by species sharmg a common letter are not sigmbicanth different Ps 


Bos: unple was collected for deaduous shrubs 


honey inesqnite, were selected for evaluation of 


seasonal fluctuation in LAR. Honey mesquite, 
Texas persimmon, and Texas colubrina are 
drought-decidnous while lime prickly ash is an 
evergreen. Sample dates were selected to cor- 
respond to the phenological stages of (1) maxi- 
mim leaf area, (2) peak drought defoliation, (3) 
antuinn, just prior to winter Ted a and doe 
mancy, and (4) after winter leaf fall for the 
deciduous shrub. 

The Statistical Analysis Svstem (SAS 1952) 
was utilized to ev alnate linear regression rela- 
tionships, Y = Bo + Bi(X), between leaf biomass 
and leaf area. Where : is estimated leaf area 
(mim), Bo is the intercept, By is the slope (LAR 
coefficient as defined by Radford 1967 in muy 
¢ ') and Nis leaf biomass ( g¢). The intercept was 
tested to determine if it was significantly differ- 
ent (P < .05) from zero. The inte Pee was not 
significantly different from zero for all species. 
Tieiefore. the data were reanalyzed and pre- 
sented using a linear regression model, Y = 
6.(X), similar to that reported by Coombs et al. 
(1987) and Anslev et al. (1992) for estimating 
LAR. All statistical tests were judged significant 
at PS .05 unless othenvise stated. A homogene- 
ity of slope test was used to test for differences 


05) based on homogencity of slope test 


among the slopes of the regression equations 
(LAR) between sample periods within species 
(Steel and Torre 19S0), 


RESULTS AND DISCUSSION 


Leaf area of graminoids was highly corre- 
lated with leaf Fon: ass for all species within 
sample dates (Table 3). The LAR for perennial 
grass leaf area ranged a 2910 to 16.110 mm 
¢ |. The LAR for shnuibs and trees ranged from 
2010 to 13.360 inn @ — Goll Moga’ also 
reported significant linear regression relation- 
ships G7 = .$3-.97) for LAR for 1] native grass 
species in sonthern Arizona, Golf reported that 
the linear regression coefficients for stem area 
to stem biomass (SAR) ranged from 32 to 73% 
of the LAR and the mean SAR was 44% of the 
mean LAR. 

There was no significant seasonal Variation 
in LAR for lime prie Aly ash ane mesquite (Table 4) 
Although there was no significant seasonal ae 
ference between mesquite LAR relationships. a 
gradnal decrease in the LAR from May through 
November was apparent in 19S5. bk urthermore, 
the LAR was larger in April 1986, thongh it was 
not significanth aren from 19S5 sampling 
dates. Mooney et al. (1977) found that the specific 


349 


ow oT ee 


leaf density (me mm! of mesquite leaves 


increased over the growing scason. The density 


ranged from 0.000-F mg tin - in the spring to 
0.017 ime min inthe fall. This corresponds with 
a leaf area change of 5880 to 25,000 mine 2 

Ansley et al. (1992), working in north central 
Texas, reported that L AR of mesquite ranged 
fron 9916 to 5944 umm? @'. Mesquite LAR 
declined from May through Angust 1987, but 
stabilized from August through September fol- 
lowing substantial precipitation. In 1958 precip- 
itation was substantially less than in POST. and 
the mean LAR was signilic antly lower that in 
JOST. LAR followed Ales Same patte min 19SS, 
declining from a high of 6S77 in the spring to a 
low of -!996 mnie | in October. Ansley et al. 

(1992) speculated that the decline in LAR was 
caused by cell-wall thickening in response to 
drving conditions, based on the work of Kramer 
and Kozlowski (1979). 

The similarity in LAR across sampling dates 
from this stndy may be partially explained in that 
sampling was not initiated until all leaves were 
fully expanded for approximately four weeks. In 
addition, April. Mav, fime, and September pre- 
cipitation was significantly: above the long-term 


average precipitation and no notic ee water 


stress was apparent in the trees sampled. Nilsen 
etal. 
phreatophytic mesquite (Po glandulosa var. tor- 
reyana) inthe Sonoran desert of southem Cal- 
iformia retained ucarl constant from May 
through November. Masini leaf area was 
inaintained thronghout the hottest and driest 
months of the Vvear Vieaceess of de ‘ep stored soil 
water by ti iproots. When water availability to the 
normally phreatophytic mesquite was reduced, 
total leafareawas reduced (Nilsen, Vi ircinia, and 
Jarrell 1986), We hypothesized that mesquite 
leaves reach a stable weight at maturity and the 
lack of water stress during the growing season 
prevents the changes in leaf weight to leaf area 


report tock by Vnsley etal. (1992). C6 thanges inleal 


veight as a result of translocation of SUAS, 


stare | (°s 
[ee] 
iC] 


other componnds, and insect damage 


could not be detected or separated from cell 
Wall thickening from water stress within the 
precision of san Sritiiinneni study, 


Te nas bes Bee 
sienilicanth orceat 


April 1986 was 
cr Chan for sampling dates in 
1985. Mevery 1974 reported that Texas persim- 


mon prodiices t Vo types of eaves: a large leafin 


the center of the CANOPA and oa smaller leaf 


around the permmicter of the pl. mt. The leaves 
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(1986) indicated that relative leaf area of 
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are initially light green in color and become 
glabrous alter elongation ceases. As the leaf 
matures, the xvlem and bundle fibers become 
increasingly lignified and the leaf tums dark 
green, W ith abe underside becoming densely 
covered with trichomes. Leaf midiceinen is 
complete by early July. The lower LAR of Texas 
persimmon leaves in 1986 was attributed to the 
leaves fully with 
incomplete development Op anchored lig- 


not being elongated, 
nification. 

LAR relationships for Texas colubrina varied 
seasonally, LAR was similar during the early 
growing seasons in Maw 19$5 and April 1986, 
el in August 1985. In November the LAR was 
33% greater than during other sample dates 
Table 4). Basal leaves of Texas cohibrina are 
approximately 10 times larger than the outer 
canopy leaves. In response to an extended dry 
1 July and Angust, Texas colubrina 
The only leaves 


period i 
Taped Gee of its leaves. 
retained dnring this dry period were the large 
Bacal leaves in they center or aterm. fine 
significant difference in LAR between the 
sample dates was attributed to the different 
proportion of leaf types and not the change in 
specific weight of the leaves. 

(1986) reported sim- 
ilar significant seasonal changes in LAR for 
Wyoming big sagebrush. They speculated that 
the greatest proportion of seasonal variation was 


Ganskopp and Miller 


dne not to the development or alterations in 
starch and sugar accumulations bat rather to 
changes in the proportion of larger persistent 
leaves to smaller ephemeral leaves. 
Shrub leaf biomass to leaf area was highly 
correlated for the nine other shrubs sampled 
(Table 3). The LAR for shrub leaf area ranged 
an 2010 to 6100 mim o'. Other researchers 
have also reported satisfactory results in relating 
leaf biomass to leaf area (Schilesinger and 
Chabot 1977, Kaufmann ct al. 1982, Ganskopp 
and Miller 1986) within sample date. Based on 
the seasonal variability in LAR for Texas persim- 
mon and Texas colabrina in this study and the 
findings of Ganskopp and Miller (1986) in caster 
Oregon for Wroming big Sage iat We Cal Stiite 
that variability in these and other 
dronght-decidnons shrubs is an important source 


pe icouall 


of variation that needs to be accounted for when 
simulating LAL over the entire CrOWIN SCason, 
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CONCLUSION 


Kor the species sampled, leaf biomass is a 
reliable estimator of leaf area. Tlowever, for 
some shmb species, seasonal differences in 
development and shedding of different types of 
leaves and leaf morphological development can 
produce significant temporal fluctuations in 
LAR. Caldwell et al. (1981) reported that for 
semiarid buncherasses, leaf blades of regrowing 
tillers had greater photosynthetic capacity than 
blades on unclipped plants. This resulted in 
greater carbon gain for clipped plants and an 
increased photosynthesis/transpiration ratio, 
Nowak and Caldwell (1954) reported that the 
photosvithetie rate for both clipped and un- 
clipped plants decreased with age of the leaves. 
Current rangeland — hy droleer simulation 
models do not account for changes in LAR or 
evapotranspiration rates as a function of age ol 
the leaf, proportion of leaf type, or compensa- 
tory photosynthesis rate increases following 
defoliation due to crazing. Models currently 
utilize a fixed reticent or calculating LAI. If 
significant advances in modeling evapotranspi- 
ration on rangelands are to be made. 
improvements in the relationships used to sim- 
ulate evapotranspiration that incorporate these 
processes will be needed. The LAR method of 
calculating LA] evaluated in this study provides 

a fast, reliable method of estimating LAI neces- 
sary to parameterize these hydrologic simila- 
tion models. To account for the seasonal 
differences in LAR for Texas persimmon and 
Texas colubrina, a weighted average based on 
season of year is recommended or parameter- 
izing the WEPP model. For plants like mesquite 
and lime prickly ash, one LAR value can be sed 
in non -dronght vears. For vears with signilicant 
div periods, a decrease in LAR of 10-40% a \ 
need to be accounted for with non- -phre ato- 


phytic me squite, as indicated by this work and 
that of Ansley et al. (1992), 


7. 
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